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Introduction

Summary

Coupling between certain pathogen-associated molecular patterns and cor-
responding pattern recognition receptors of endothelial cells is important
for the mediation of vascular inflammatory responses. Mannose-binding
lectin (MBL) recognizes certain carbohydrate structures of microbes and
subsequently activates the complement system as well as facilitates the
phagocytosis of targets. We investigated whether MBL can intervene in
the interaction between bacterial lipopolysaccharide (LPS) and endothelial
cells to modulate subsequent inflammatory responses. In response to LPS,
human umbilical vein endothelial cells (HUVEC) produced various cyto-
kines/chemokines. Addition of the purified human MBL/MBL-associated
serine proteases (MASP) complex or recombinant human MBL enhanced
LPS-mediated cytokine/chemokine secretion by HUVEC, including inter-
leukin-8 (IL-8), IL-6 and monocyte chemoattractant protein-1 in a dose-
dependent manner. This enhancing effect was ameliorated by the addition
of anti-MBL antibody or mannan. Among the cytokines/chemokines we
analysed, IL-6 showed the greatest increase of secretion in the presence of
native MBL/MASP complex or recombinant MBL. MBL, regardless of its
association with MASP, alters LPS-mediated cytokine/chemokine secretion
of HUVEC. Besides the well-known functions of MBL, to activate the
lectin—complement pathway and to facilitate clearance of targets, alter-
ation of cytokine/chemokine secretion may provide an additional role for
MBL in modulating vascular inflammation.

Keywords: chemokines/monokines; endothelial cells; interleukin-6; lipo-
polysaccharide; mannose-binding lectin

Gram-positive bacteria,”” and B-1,3-glucan of fungi.’ The
recognition of these PAMPs is achieved by a group of

Innate immunity is a crucial host defence mechanism
against microbial infection in animals. The ability of a
host to distinguish between self and non-self remains
a central hallmark of innate immunity.' Pathogenic
microbes possess distinct pathogen-associated molecular
patterns (PAMPs), such as the lipopolysaccharide (LPS)
of Gram-negative bacteria, peptidoglycan (PGN) of

germ-line encoded receptors and soluble proteins.” Mem-
brane-associated receptors, such as Toll-like receptors
(TLRs), detect specific PAMPs and influence cytokine
expression, contributing to the subsequent immune
response and inflammation.*” Secreted soluble proteins
like mannose-binding lectin (MBL) bind to microbes and
flag them for destruction by either the complement

Abbreviations: CHO, Chinese hamster ovary; CRD, carbohydrate recognition domain; EDTA, ethylenediaminetetraacetic acid;
ELISA, enzyme-linked immunosorbent assay; GRO, growth-related oncogene; HUVEC, human umbilical vein endothelial cells;
IL, interleukin; LPS, lipopolysaccharide; MASP, mannose-binding lectin-associated serine proteases; MBL, mannose-binding
lectin; MCP, monocyte chemoattractant protein; NF, nuclear factor; PAMP, pathogen-associated molecular pattern; PGN,
peptidoglycan; rMBL, recombinant human mannose-binding lectin; SDS-PAGE, sodium dodecyl sulphate—polyacrylamide gel
electrophoresis; TLR, Toll-like receptor; TNF, tumour necrosis factor.
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system or by phagocytic cells.® The endothelium is the
first line of defence to confront invading blood-borne
pathogenic microbes and it plays a key role in the defence
system by orchestrating various defensive responses inclu-
ding coagulation, vascular permeability and recruitment
and activation of inflammatory cells. Endothelial cells are
known to respond to various bacterial PAMPs through
TLRs.” Bacterial LPS induces triggering of TLR4 and sub-
sequent activation of downstream signalling pathways
causing endothelial cells to release pro-inflammatory cyto-
kines or express abundant adhesion molecules.® The link
between a PAMP and its recognition receptor on an
endothelial cell is a key step in the mediation of vascular
inflammatory responses.

Mannose-binding lectin is a complement protein and
has a unique ability to discriminate between self and non-
self by recognizing carbohydrate structures of microbial
cells. It is an oligomer of polypeptide chains, each of which
comprises a globular head, a carbohydrate recognition
domain (CRD) and a collagenous tail domain.” The CRD
of the MBL protein recognizes specific PAMPs on the sur-
faces of microbes. In human plasma, this protein is associ-
ated with MBL-associated serine proteases (MASP) and
circulates as an MBL/MASP complex.” Upon recognition
of microbes, MBL/MASP activates the lectin—complement
pathway to promote their elimination.” It has also been
demonstrated that MBL can facilitate phagocytosis of
targets by binding to its cell surface receptor,'®"" like other
collagenous defence proteins including Clq,"* surfactant
A,"® surfactant D' and ficolin.!® Based on the functions of
MBL, both as a circulating PAMP-recognition molecule
and as an opsonin, we hypothesized that the collagenous
defence proteins might intervene in the interaction between
PAMPs and endothelial cells. To address this, the optimal
PAMP for the stimulation of endothelial cells was selected
through a cytokine array, and the effect of MBL on cyto-
kine production of human umbilical vein endothelial cells
(HUVECQ) in response to the PAMP was investigated in
comparison with that of other collagenous defence
proteins, Clq and ficolin.

Materials and methods

Isolation of human MBL/MASP, ficolin/MASP
and recombinant human MBL

All chemical reagents were purchased from Sigma-Aldrich
(St. Louis, MO) unless specified otherwise. MBL/MASP and
ficolin/MASP were purified using Staphylococcus aureus
PGN-coupled Sepharose 4B columns as described previ-
ously.'® In brief, a PGN-coupled Sepharose 4B column was
loaded with human serum precipitate by polyethyleneglycol
4000. The column was eluted with 0-3 M mannose and
0-3 M N-acetylglucosamine (MBL/MASP and ficolin/MASP,
respectively) and each of the eluates containing MBL/MASP
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and ficolin/MASP, respectively, was passed through
protein A and subsequently anti-immunoglobulin M
columns for further purification. Final pass-through frac-
tions were dialysed and concentrated by ultrafiltration
through a membrane filter (YM10, Amicon Plastics,
Houston, TX). Purified recombinant MBL (rMBL) was
provided by the Dobeel Corporation (Seongnam, Korea).
Briefly, human MBL ¢cDNA was cloned into an expression
vector (pMSG vector) and then the pMSG-MBL DNA
was transfected into Chinese hamster ovary (CHO) cells.
The MBL-expressing CHO cells were cultured in HyQ
SFM4 CHO medium, and then the culture supernatant
was subjected to anion exchange chromatography with
Q-Sepharose Fast Flow. The pass-through fraction was
loaded on a mannan—agarose column and eluted with
20 mm Tris~HCI/150 mMm NaCl containing 5 mm ethylene-
diaminetetraacetic acid (EDTA). The eluate was dialysed
and concentrated. The purity and functional intactness of
these proteins were confirmed by 12% sodium dodecyl
sulphate—polyacrylamide gel electrophoresis (SDS-PAGE)
under reducing and non-reducing conditions and by C4
cleavage assay, respectively.

C4 cleavage assay

The ability of both MBL/MASP and rMBL to activate the
lectin-complement pathway was determined by the C4
cleavage assay as described previously.'” The purified
MBL/MASP (0-1 pg/ml) or rMBL (1 pg/ml) in gelatin
veronal buffer*™ (0-1% gelatin, 0-5 mm MgCl,, 2 mm
CaCl,, 142 mm NaCl, 0-1% sodium diethyl barbiturate,
pH 7-4) was added to each 100 pg/ml mannan-coated
microplate well (Nunc, Roskilde, Denmark), and the
plates were incubated at 4° for 2 hr. After washing with
gelatin veronal buffer'", 100 ng human C4 (Advanced
Research Technologies, San Diego, CA) was added to
each well, and the plates were incubated at 37° for 1 hr.
The wells were then washed, and C4 deposition was
detected by incubation with a horseradish peroxidase-
conjugated polyclonal anti-C4 antibody (Quidel Corpora-
tion, San Diego, CA) at 37° for 1 hr and a subsequent
colour development reaction. The amount of C4 depos-
ition was determined by measuring the absorbance at
405 nm. To confirm the specificity of the reaction, MBL/
MASP (0-1 pg/ml) mixed with mannose (100 mm) was
assayed for C4 deposition in parallel. To examine the
functional intactness of rMBL, rMBL reconstituted with
human MBL-deficient serum containing <0-005 pg/ml
functional MBL was also assayed.

Stimulation of HUVEC with PAMPs

The HUVEC (Cambrex, Walkersville, MD) were cultured
with full growth medium, EGM-2. The medium was
changed every day, and cells were passaged in a 1 : 3 ratio
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using trypsin/EDTA (0-025%/0-2 mm). Cells between the
fifth and ninth passages were used for the experiments.
HUVEC (2 x 10* cells) were seeded into each well of
96-well plates. After incubation at 37° for 24 hr to reach
confluence, EGM-2 was changed to serum-free EBM-2
medium from the same company, containing human sol-
uble CD14 (1 pg/ml, R & D Systems, Inc., Minneapolis,
MN) at least 2 hr before an experiment was started.

Cells were stimulated with each PAMP (300 ng/ml) for
24 hr: LPS from Escherichia coli 0114:B4, soluble S. aureus
PGN prepared by sonication and curdlan (B-1,3-glucan
polymer, Wako, Osaka, Japan). The supernatants were
harvested and used for subsequent cytokine measurement.
To investigate the effect of collagenous defence proteins
on LPS-mediated cytokine production, MBL/MASP,
rMBL, purified Clq (Advanced Research Technologies,
San Diego, CA) or purified ficolin/MASP was added to
each well 30 min before LPS stimulation. In some experi-
ments, monoclonal anti-MBL antibodies (1 pg/ml, Dobeel
Corp.) or mannan (100 pg/ml) were added to each well
along with rMBL and MBL/MASP to inhibit MBL bind-
ing to PAMPs. Cells were also stimulated with 10 ng/ml
human tumour necrosis factor-oo (TNF-o5 R & D Sys-
tems) for 24 hr in the presence of rMBL or MBL/MASP
and as a control, in the absence of them.

To block the interaction between MBL and calreticulin
on HUVEC, goat polyclonal antibodies (1 pg/ml) against
N-terminal and C-terminal epitopes of calreticulin (Santa
Cruz Biotechnology, Santa Cruz, CA) were added into the
cell culture. Each experiment was performed in triplicate.

Cytokine analysis

To screen the change of cytokine secretion of HUVEC,
a cytokine antibody array system, the RayBio® Human
Cytokine Antibody Array I (RayBiotech, Inc., Norcross,
GA) was used. For subsequent quantitative determination
of chemokine/cytokine in each supernatant, interleukin-8
(IL-8), IL-6, and monocyte chemoattractant protein-1
(MCP-1) enzyme-linked immunosorbent assay (ELISA,

R & D Systems) was performed according to the manu-
facturer’s instruction.

Statistics

Data are expressed as mean and standard error of the
mean of at least three independent experiments. Differ-
ences between the groups were compared by a one-way
analysis of variance with post hoc testing (Student—
Newman—Keuls test). A P-value less than 0-05 was consi-
dered statistically significant.

Results

LPS functions as a PAMP reacting to HUVEC

To select the appropriate PAMP to stimulate HUVEC,
HUVEC were incubated with well-known microbial
PAMPs including LPS, soluble PGN and B-1,3-glucan for
24 hr, and then the supernatant was harvested and
assayed for 23 human cytokines using a cytokine array
system. As shown in Fig. 1, LPS certainly promoted the
secretion of a few cytokines including MCP-1, IL-8,
growth-related oncogene (GRO) and GRO-o. Soluble
PGN or B-1,3-glucan increased the secretion of MCP-1
from HUVEC but their effects were not as noticeable as
that of LPS (data not shown). Through this screening
procedure, we concluded that LPS is the best activator for
endothelial cells among the three types of PAMPs and
LPS used in the following steps of this study.

Purified MBL/MASP and rMBL are functionally intact

To check the purity and integrity of the collagenous
defence proteins we obtained, we loaded MBL/MASP,
rMBL, Clq and ficolin/MASP on SDS-PAGE under non-
reducing and reducing conditions. We observed high-
molecular-weight bands on the 12% non-reducing gel
and one or three subunit polypeptide(s) of each protein
on the reducing one (Fig. 2a). This result indicated that
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Figure 1. Cytokine array of culture supernatant of LPS-stimulated HUVEC. HUVEC were cultured in soluble CD14-containing serum-free media
with or without 300 ng/ml LPS for 24 hr. LPS increases the production of some cytokines: IL-8 (7c, 7d), MCP-1 (4e, 4f), GRO (7a, 7b) and

GRO-a (8a, 8b). P, positive; N, negative; B, blank.
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Figure 2. Purity and functional assay of purified MBL/MASP and
rMBL. (a) SDS-PAGE pattern of the purified collagenous defence
proteins under non-reducing and reducing conditions: Lanes 1, Clg;
lanes 2, ficolin/MASP; lanes 3, MBL/MASP; and lanes 4, rMBL.
(b) Mannan-coated well was incubated with MBL/MASP (0-1 pg/ml)
or tMBL (1 pg/ml) in various conditions for 2 hr and subsequently
with C4 (100 ng) for 1 hr. C4 deposition on the well was detected
by ELISA using anti-C4 antibody and expressed in the absorbance at
405 nm (mean * standard error).

these proteins were well-purified and that the high-
molecular-weight structures remained intact.

To confirm the functional intactness of the purified
MBL/MASP and rMBL, their C4 cleavage activity on a
mannan-coated well was examined. Incubation of 0-1 pg/ml
MBL/MASP on mannan-coated wells and subsequent
addition of C4 resulted in abundant C4 deposition on the
wells, indicating intact C4 cleavage activity (column 3 in
Fig. 2b). Addition of mannose into the reaction mixture
abolished C4 deposition, assuring the specificity of the
reaction (column 4 in Fig. 2b). Meanwhile, rMBL was
not able to deposit substantial amounts of C4 on the
mannan-coated wells (column 5 in Fig. 2b). However,
rMBL, together with MBL-deficient serum containing
unbound MASP, recovered the C4 deposition activity
(column 7 in Fig. 2b). This result demonstrated that the
rMBL we obtained is able to associate with MASP in the
fluid phase to comprise a functional MBL/MASP in con-
tact with its appropriate ligand.
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MBL/MASP and rMBL enhance LPS-mediated
chemokine/cytokine secretion of HUVEC

To determine whether collagenous defence proteins can
modulate LPS-mediated stimulation of HUVEC, the cells
were stimulated with LPS for 24 hr in the presence and
absence of each of the collagenous defence proteins
(0-5 pg/ml), MBL/MASP, ficolin/MASP and Clq. After
incubation, the IL-8 level in the supernatants was meas-
ured by ELISA. The presence of MBL/MASP promoted
IL-8 secretion compared with IL-8 secretion in its absence
(P = 0-013) while the presence of same amount of Clq
or ficolin/MASP had no effect on that activity (Fig. 3),
suggesting that MBL/MASP can enhance LPS-mediated
chemokine secretion of HUVEC.

We could confirm the effect of MBL/MASP on LPS-
mediated chemokine secretion because increasing concen-
trations of MBL/MASP enhanced IL-8 secretion in a
dose-dependent manner, reaching a plateau at 0-5 pg/ml
MBL/MASP (Fig. 4a). To clarify whether this enhancing
effect is dependent on the serine protease activity of
MBL/MASP, IL-8 secretion in the presence of rMBL
which is devoid of MASP, was studied. Surprisingly,
rMBL also enhanced IL-8 secretion in a dose-dependent
manner, although its enhancing effect was weaker than
that of MBL/MASP and a higher concentration was
required to demonstrate the effect (Fig. 4a). This result
suggested that MASP is not an essential requirement for
MBL to enhance LPS-mediated cytokine secretion.

To check if this enhancing effect is specific for LPS sti-
mulation, the cells were stimulated with TNF-o (10 ng/ml)
in the presence and absence of each of MBL/MASP
(0-5 pg/ml) and rMBL (5 pg/ml). Stimulation of TNEF-o
induced IL-8 secretion from HUVEC as well as did LPS
stimulation, but addition of either MBL/MASP or rMBL to
the cells stimulated with TNF-a did not enhance IL-8 secre-

IL-8 (ng/ml)

00L—=—
LPS - +

+ + +
MBL/ ficolin/  C1q
MASP MASP

Figure 3. Effect of collagenous defence proteins on LPS-mediated
IL-8 secretion of HUVEC. IL-8 level was measured by ELISA in the
culture supernatants of HUVEC which were stimulated with 300 ng/ml
LPS for 24 hr in the absence and presence of 0-5 pg/ml each of
collagenous defence proteins, MBL/MASP, ficolin/MASP and Clq
(*P < 0-05).
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Figure 4. Effect of MBL on IL-8 secretion of HUVEC in response to
LPS or TNF-a. (a) Dose-dependent effect of MBL on LPS-mediated
IL-8 secretion of HUVEC. IL-8 level was measured in the culture
supernatants of HUVEC which were incubated with/without LPS for
24 hr in the presence of different concentrations of MBL/MASP or
rMBL. (b) HUVEC were stimulated with TNF-o. (10 ng/ml) with/
without MBL/MASP (0-5 pg/ml) or rMBL (5 pg/ml) and then IL-8
concentration was measured in their supernatants.

tion significantly (Fig. 4b), indicating that the enhancing
effect of MBL is specifically linked to LPS stimulation.
Additionally, to address if MBL can change the profile
of LPS-mediated cytokine secretion of HUVEC, represen-
tative chemokines of endothelial cells such as IL-8 and
MCP-1, and the immunoregulatory cytokine IL-6, were
assayed by ELISA in the supernatants of HUVEC stimula-
ted with LPS in the presence and absence of MBL/MASP
(0-5 pg/ml) and rMBL (5 pg/ml). In the presence of
MBL/MASP, the secreted amounts of IL-8, MCP-1 and
IL-6 were 223 + 18%, 213 £ 161% and 283 + 21% of
that in the absence of MBL, and in the presence of rMBL
they were 135 + 9%, 162 + 9% and 240 + 12%, respect-
ively (Fig. 5). The presence of MBL/MASP or rMBL signi-
ficantly increased the secretion of all three cytokines
compared with their absence (P < 0-05). However, when
we compared the relative increase in the secretion of each
cytokine linked to the presence of MBL/MASP or rMBL,
the increase in IL-6 secretion was significantly greater
than that of IL-8 and MCP-1 secretion (P < 0-05),

© 2007 Blackwell Publishing Ltd, Immunology, 122, 335-342
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Figure 5. Relative increase of LPS-mediated IL-8, MCP-1 and IL-6
secretion in response to MBL. IL-8, MCP-1 and IL-6 levels were
measured in the culture supernatants of LPS-stimulated HUVEC in
the absence and presence of 0-5 pug/ml MBL/MASP or 5 pg/ml
rMBL. Per cent increase of cytokine secretion in the presence of each
MBL was calculated from each cytokine level in the absence of MBL
set as 100%. *P < 0-05; TP < 0-05; and {P < 0-05.

suggesting a possible immunoregulatory role for MBL in
the LPS-mediated inflammatory responses of endothelial
cells.

Enhancing effect on chemokine/cytokine production
is dependent on binding of MBL to LPS

To determine whether the binding of MBL to LPS is
involved in enhancing chemokine/cytokine secretion, an
anti-MBL monoclonal antibody or mannan was added to
cell cultures in the presence and absence of rMBL. After
LPS stimulation, IL-8 secretion was measured. Anti-MBL
antibody and mannan in a given concentration were shown
to inhibit MBL-mediated C4 deposition on mannan-
coated wells (data not shown). The rMBL increased
LPS-mediated IL-8 secretion of HUVEC (P < 0-001) but
addition of anti-MBL antibody or mannan into the reac-
tion mixture abolished this enhancing effect (P = 0-001
and P < 0-001, Fig. 6); in the absence of rMBL, it increased
LPS-mediated IL-8 secretion slightly. This indicated that
the binding of MBL to LPS through its CRD is mandatory
for this modulating effect of MBL.

Finally, to clarify how LPS-bound MBL can interact
with HUVEC, we examined the interaction between MBL
and calreticulin on HUVEC. It has been reported that cal-
reticulin is a common receptor for Clq and MBL,'*%°
and calreticulin is known to be expressed on the surface
of endothelial cells.'"®*' We assumed that LPS-bound
MBL would expose the collagenous tail in an aggregated
state to calreticulin on HUVEC to transfer the signal
intracellularly. When we added polyclonal anti-calreticulin
antibodies into wells of HUVEC to block the putative
receptor for the MBL collagenous tail, we observed a sig-
nificant amount of IL-8 secretion by the HUVEC, even
without LPS stimulation (data not shown), suggesting
that co-ligation of calreticulin by the anti-calreticulin
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Figure 6. Effect of anti-MBL antibody or mannan on the MBL-
mediated enhancement of IL-8 secretion of HUVEC. IL-8 level was
measured in the culture supernatants of LPS-stimulated HUVEC in
the absence and presence of rMBL with and without anti-MBL anti-
body or mannan. IL-8 level in the absence of rMBL was set as 100%.
*P < 0-001; +P = 0-001; P < 0-001.

antibody may activate HUVEC. A direct interaction
between the collagenous tail of MBL and calreticulin of
endothelial cells could not, therefore, be confirmed.

Discussion

Lipopolysaccharide activates several immune cells through
interaction with TLR4, which transfers the signal into the
cell through the nuclear factor-kB pathway. MBL, as a
soluble PAMP-binding protein, binds to certain carbo-
hydrates found on bacterial surfaces or necrotic or apop-
totic cells by CRD.”?* It is well-known that MBL binds to
the mannose-enriched portion of LPS through CRD and
its binding mediates lectin—complement pathway acti-
vation.”> > Thus, we expected that binding of MBL to
LPS may interfere with the interaction between LPS and
TLR4 on the cell surface. However, in this study, MBL
enhanced, rather than inhibited, the cytokine secretion
and unexpectedly, rMBL without the aid of MASP
enhanced the LPS-mediated cytokine secretion of
HUVEC, in a similar manner to MBL/MASP.

There have been a series of reports demonstrating that
MBL can modulate the secretion of cytokines in response
to bacterial PAMPs. Peptidoglycan increases the secretion
of several cytokines from phorbol myristate acetate-stimu-
lated human monocytic U937 cells and the presence of
MBL together with PGN increases the secretion of IL-8
but reduces that of TNF-o.>® Another report has shown
that both C1q and MBL contribute signals to human per-
ipheral blood mononuclear cells, leading to the suppres-
sion of LPS-induced secretion of IL-1at and IL-1f, and an
increase in the secretion of IL-10, the receptor antagonist
IL-1, MCP-1, and IL-6.”” However, these studies have
been confined to the effect on mononuclear phagocytic
cells and it has been unclear if the regulatory effect of
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MBL is dependent on the MBL protein itself or on active
MASP because only purified MBL/MASP complexes have
been used before. It has been speculated that MBL bind-
ing to LPS might lead to the activation of the MBL/MASP
complex, further transmitting the signal through comple-
ment cascades or cell surface molecules. Here, we clearly
demonstrate that rMBL, as well as MBL/MASP, can alter
LPS-mediated cytokine secretion of HUVEC. This sug-
gests a direct role for the MBL molecule in the modula-
tion of the inflammatory responses of endothelial cells.
We speculate that LPS-bound MBL may interact with
HUVEC through its receptor, and the presence of active
MASP may provide an additional signal to cells or other
complement components.

Mannose-binding lectin enhances phagocytosis of
microbes or apoptotic cells through binding to targets by
CRD and interaction with the surface receptors of phago-
cytic cells by a collagenous tail. Calreticulin has been
suggested as a potential corresponding receptor for colla-
genous defence proteins.'”*® Gardai et al.*® have dem-
onstrated that calreticulin/CD91 is essential for the
enhancing effect of Clq and lung collectins on pro-inflam-
matory responses induced by LPS or necrotic cells. They
proposed a mechanism in which collagenous defence pro-
teins, in the presence of foreign organisms, apoptotic cells
or cell debris, present the collagenous tails in an aggrega-
ted state to calreticulin on the cells, initiating phagocytosis
and/or pro-inflammatory responses. It has been reported
that calreticulin is expressed on HUVEC in both resting
and activated states, and MBL and Clq bind to HUVEC
competitively."®*! Rocco et al.** have shown that Clq
alone without any PAMP can stimulate HUVEC, resulting
in the up-regulation of IL-8, IL-6 and MCP-1 production,
which is dependent on the collagenous tail fraction of
Clq. They suggested that C1q might induce the produc-
tion of inflammatory cytokines through binding to calreti-
culin on HUVEC. However, we could not detect any
significant increase in IL-8 secretion from HUVEC in the
presence of MBL/MASP or rMBL without LPS stimula-
tion. Moreover, there was no enhancing effect of MBL on
IL-8 secretion from the cells stimulated with TNF-a,
which also activates NF-kB pathway via its distinct recep-
tor. These results suggest that the enhancing effect of MBL
is linked to the interaction between HUVEC and LPS. A
group of researchers reported that TLR4 is not expressed
on the surface of human coronary artery endothelial cells
and the LPS-binding protein (LBP) facilitates the uptake
of LPS/CD14 complexes and their delivery to intracellular
TLR4/MD-2.° We speculate that MBL may facilitate the
transfer of LPS to intracellular TLR4/MD-2 through bind-
ing to LPS by its CRD and interaction with the corres-
ponding cell receptor by its collagenous tails.

We investigated the effect of MBL on chemokine/cyto-
kine production of HUVEC in response to LPS stimu-
lation. When we compared the production of three
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cytokines, IL-8, MCP-1 and IL-6, in the absence and
presence of MBL, MBL enhanced the secretion of all three
cytokines and among them IL-6 showed the greatest
enhancement. Interleukin-6 is known to block neutrophil
accumulation at the site of inflammation and also to
promote neutrophil apoptosis.®’”* It is now defined as
a resolution factor for acute inflammation that balances
pro- and anti-inflammatory outcomes.” Therefore, it is
suggested that MBL may promote the rapid resolution of
acute inflammation by increased production of IL-6 as well
as by the rapid clearance of foreign microbes and necrotic
debris, which provoke acute inflammatory responses.

Several reports have suggested an association between
MBL and vascular events. Ischaemic injury on endothelial
cells initiates lectin-complement pathway activation and
pretreatment with anti-MBL antibody reduces post-
ischaemic myocardial reperfusion injury.’**> Thus far,
epidemiological evidence looks more complicated. Sys-
temic lupus erythematosus patients with variant MBL
genotypes who showed decreased levels of multimeric
functional MBL had a higher risk of arterial thrombosis
than those with the wild MBL genotype.’® In a popula-
tion-based cohort, variant MBL genotypes were associated
with increased risk for coronary artery disease and
another cohort study also showed that a high level of
MBL was associated with a decreased odds ratio for myo-
cardial infarction.’”?® In contrast, a prospective study of
patients who underwent carotid endarterectomy indicated
that female patients with variant MBL genotypes had a
slower progression to early restenosis.”® These results con-
tradict each other and it is not yet conclusive if MBL
functions harmfully or beneficially in terms of cardiovas-
cular inflammation. With the invasion of an infectious
organism, the MBL/MASP complex can activate the lec-
tin—complement pathway, which is important for killing
pathogenic microbes and mediating pro-inflammatory
responses in the vascular system. On the other hand,
MBL itself can help the clearance of infectious agents and
up-regulate the production of IL-6, promoting early ter-
mination of the acute inflammatory process and rapid
transition to adaptive immune process. Such multiple
roles for MBL provide an explanation for contradictory
epidemiological data about the association between MBL
deficiency and vascular events.
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